DICOM viewer described in this article is limited to that operating system). Removing patient identifying information should be performed at the outset when exporting the DICOM images from the PACS; the process for doing this will vary depending on the PACS vendor. OsiriX cannot directly export a 3D file format compatible with Acrobat nor does it provide any 3D sculpting tools. MeshLab is therefore used as the intermediary program to create an Acrobat-compatible file. MeshLab can also be used for sculpting and refinement of the 3D model, if desired; however, these details are beyond the scope of this article.
I
n everyday radiology practice, 3D datasets are acquired for CT, MRI, and occasionally ultrasound. However, radiology publications and presentations generally use 2D images [1] . Since 2008, Adobe Acrobat has offered users the ability to embed 3D models within Portable Document Format (PDF) files, a format that has become the standard of information exchange. This technique has been described in the nonradiology literature [2] [3] [4] . The goal of this article is to increase radiologists' awareness of this technique and provide step-by-step instructions to convert DICOM cross-sectional images into surface-shaded 3D models that can be embedded into a PDF document. The purpose of this article is to discuss how to convert cross-sectional images into a 3D model and embed them in a Portable Document Format (PDF) file. Four programs are used: OsiriX, MeshLab, Microsoft PowerPoint, and Adobe Acrobat.
Materials and Methods
Step-by-step instructions are provided.
Embedding 3D radiology models into PDF files is a powerful tool that may be used for clinical, educational, and research purposes.
Phelps et al. Embedding 3D Radiology Models in PDF Medical Physics and Informatics Technical Innovation
Embedding 3D Radiology Models in PDF a 3D bone model of the pisiform consisting of 1293 vertices requires a 0.14-MB PDF file. In comparison, a 3D airway model of the chest consisting of 1,821,038 vertices requires a 4.4-MB PDF file; however, when this same airway model is sculpted into a coronal thick slab and redundant vertices are filtered out, the vertex count drops to 121,100 and the PDF size to 1.2 MB. Generating visually aesthetic surface-shaded models requires high-contrast interfaces (e.g., air and bone are best) and source data that is thin and unmodified (e.g., no edge-enhancing bone algorithm).
Discussion
We have described a relatively simple and affordable process for embedding a 3D radiology model into a sharable PDF file. The critical first step requires OsiriX, a Mac-only program, to export a 3D file. The basic version of OsiriX is free. Of note, most commercial radiology-specific 3D rendering programs do not have this function.
The greatest limitation of the process described is the number of steps involved. For users not accustomed to these programs, this multistep process may be intimidating. Another limitation of this process is the difficulty in obtaining high-quality surface-shaded models of soft-tissue structures (in which density contrast is not as great as with air and bone). Volume-rendered, as opposed to surface-shaded, 3D models solve this problem; however, at this time we could not identify a means of exporting such a model or embedding it into a PDF file. Lastly, the loading speed of the PDF-embedded 3D models was somewhat slow (up to 30 seconds).
Embedding 3D radiology models into PDF files is a powerful tool that may be used for clinical, educational, and research purposes. With greater consumer demand, other radiology-specific software vendors may also develop 3D export tools. Radiology is a visual profession; this technique may help us produce impressive documents with 3D capabilities. 
Program
Step Task
OsiriX Create a 3D file using OsiriX. 
